The photoelastic method was used to measure the residual stresses existing in selected areas of a cabin door that are considered critical in the failure of the same door. The technique was applied to samples taken from a door that was broken to obtain samples. Of the total measured samples, the average residual stresses was measure.
INTRODUCTION
As well known, glass is a typical example of brittle materials. In many products made of glass, such as a front glass of car or a glass of a tractor door, high compressive residual stresses are often induced artificially at its surface to avoid incidental fracture and damages.
Fracture of glass takes place by crack propagation under tensile stresses. Any condition or treatment which induces compressive stresses on the surface of the glass, will make the glass stronger. In order to reach this goal, two basic techniques can be used: thermal tempering and chemical tempering. In thermal tempering the glass is first heated near the softening point, and then rapidly cooled by applying a stream of air. The temperature gradient in the material and the difference between the coefficients of thermal expansion at the surface and inside the glass, cause the outer layers to be subjected to compression. The induced stresses depend on the plate thickness. In chemical tempering, a surface compression is developed by ion implantation.
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The value of the induced compression stress depends on the tempering technique used, glass composition and thickness of the glass. In both cases the induced state of stresses takes the shape indicated in Figure 1 . In flat glass, differential surface refractometers can be used to measure surface residual stresses. These instruments are based on the difference between the refractive indices for rays polarized parallel and.
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perpendicular to the glass surface. Another technique that can be used is scattered light photoelasticity. All of the above described methods are nondestructive techniques, meaning that one can measure the stress differences in the actual part without cutting it. Looking through the thickness, which implies cutting the glass, one can measure the principal secondary stresses in the plane of observation. Since the stress component perpendicular to the face of the glass plate is negligible, one measures directly the stresses induced by the tempering. In the case of chemical tempering, an isotropic state of stresses is created, therefore the stresses in all possible orientations are the same, except at the edges of the glass. In the case of air tempering the stresses may be different in different planes, that is, there are two principal stresses which are the maximum and minimum stresses. Consequently, measuring residual stresses at an arbitrary orientation, one will obtain values in between the maximum and the minimum. Since the glass fragments coming from the broken window can be used as slices, one can perform measurements of residual stresses in them. This is the procedure that was selected to determine the presence of residual stresses in the fragments coming from a broken window.
APPARATUS AND EXPERIMENTAL PROCEDURES
To perform the measurement of the residual stresses, computer assisted photoelasticity was applied. These polynomials are defined by the total number of measured points and therefore the extrapolated values carry the weight of all the measured values, thus providing extremely accurate results. To convert the measured retardation values to stresses, the photoelastic constant C= 1600 lbs/sq.in./in. was used, which is an average value for plate glass.
The observed glass fragments were immersed in an index of refraction matching fluid. In this way it was insured that the correct optical path was followed by the light beams To get representative values of the residual stresses for each one of the window panels whenever possible, three samples were analyzed from the center of the panel and three samples from the edges. Since the residual stresses induced by thermal tempering are not isotropic, reading at several orientations give a better average than a single sample. Furthermore one will expect that at the edges the residual stresses will be smaller.
Ten samples were taken from a frame identified as "Glass Frame with Glass Fragments and one Bag of Glass Fragments ", this frame will be called broken window. Figure 4 shows the region of the door that was analyzed. In Figure 5 , a not to scale plot of the different locations is reported with the coding representing each analyzed slice (framed number) and the distances (number without frame). 
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RESULTS
We collected a large number of pieces, but due to the irregularities of the fracture surface many samples had to be rejected since they did not give consistent readings. We have also mentioned the fact that since the failures of the glass are random, the measured stresses may not correspond to the maximum or minimum stresses at the point under consideration. On the twenty samples that we performed measurements on, only five have good surfaces in perpendicular directions. Figures 6 and 7 show the plots of the residual stresses of the different slices. thickness (mm) 
CONCLUSION
From the measured values one can conclude that the broken window /5/ has been subjected to thermal tempering. The residual stresses introduced by thermal tempering, vary from 13,000 to 20,000 Ibs/sq.in.
depending on the kind of glass, thickness and air tempering unit. The values that we have measured go from 12,758 to 16,002 Ibs/sq.in. which are well within the statistical dispersion that one would expect if one takes random samples with random orientation. We can conclude than the automatic system used in this measurements gives a vary good result and can be easily applied for any kind of photoelastic test.
